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Abstract. We study the reliability of dark-matter halo detectionshnitiree diferent linear filters applied to weak-lensing data.
We use ray-tracing in the multiple lens-plane approxinmattrough a large cosmological simulation to constructizatibns

of cosmic lensing by large-scale structures between réédstéro and two. We apply the filters mentioned above to detec
peaks in the weak-lensing signal and compare them with tieg@opulation of dark matter halos present in the simulailém
confirm the stability and performance of a filter optimisedgoppressing the contamination by large-scale structiuaéiows

the reliable detection of dark-matter halos with massevaldfew times 18 h-1 M, with a fraction of spurious detections
below~ 10%. For sources at redshift two, 50% of the halos more magisan~ 7x10**h™! M,, are detected, and completeness
is reached at 2 x 10Mh™t M,.

1. Introduction embedded in|(Maturi et al., 2005). The non-negligible con-
tamination by the large-scale structure was already noted
How reliably can dark-matter halos be detected by means|gf [Replinsky & Bartelmarin[ (1999) arid White et &l. (2002),
weak lensing, and what selection function in terms of mass agnq/ Hoekstra (2001) quantified its impact on weak-lensing
redshift can be expected? This question is importantindne ¢ 1555 determinations. Hennawi & Spergel (2005) showed that
text of the analysis of current and upcoming wide-field weakye redshift of background galaxies can be used to improve
lensing surveys. This subject touches upon a number of-SCigfk number of reliable detections. An approach alterndtive
tific questions, in particular as to how the non-linear glowiynatched filters is based on the peak statistics of conveegenc
01_‘ suficiently massive structures proqeeds throughout_cos%ps (Jain & Van Waerbeke , 2000), e.g. obtained with the
history, whether galaxy-cluster detection based on gasiply kaiser-Squires inversion technigle (Kaiser & Squires ,3199

agrees with or dfers from lensing-based detection, wheth@tiser, Squires & Broadhurst , 1995) or variants thereof.
dark-matter concentrations exist which emit substatiaks

light than usual or none at all, what cosmological informati _ _ _ _
can be obtained by counting dark-matter halos, and so forth.  In this paper, we evaluate three halo-detection filters in

As surveys proceed or approach which cover substant&ims of their performance on simulated large-scale stract
fractions of the sky, such as the CFHTLS survey, the upcorqma-‘ta in which the dark-matter halos are of course known. One
ing Pan-STARRS surveys, or the planned surveys with tRE the filters is _spe_cifically d(_asigned to optimally suppress
DUNE or SNAP satellites, automatic searches for dark-matfg® LSS contamination (Maturi etial., 2005). This allowsais t
halos will routinely be carried out, see for exaniple Erbealet duantify the completeness of the resulting halo cataloghes

(2000) and Erben et al. (2003). It is important to study Whg@c.tion of SPU”OUS dete(?tions they c_ontain, and the haio s
they are expected to find. lection function they achieve. In particular, we compare th

. . performance of the three filters mentioned in order to tedt an
_Several difer(_ant methods for identifying dar_k-matter haf:ompare their reliability under a variety of conditions.

los in weak-lensing data have been proposed in recent years.

They can all be considered as variants of linear filteringptec

niques with diferent kernel functions. Particular examples are We summarise the required aspects of lensing theory in

the aperture mass with the radial filter functions proposé&act. 2 and describe the numerical simulation in Sect. 3. The
by |Schneider et al. (1998) and modified by Schirmer et aleak-lensing filters are discussed in Sect. 4, and resudts ar

(2004) and_Hennawi & Spergel (2005), and the filter optpresented in Sect. 5. We compare suitably adapted simulatio

mised for separating the weak-lensing signal of dark-mattesults to the GaBoDS data in Sect. 6, and present our conclu-

halos from that of the large-scale structures (LSS) they agiens in Sect. 7.
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2. Lensing theory 2.2. Multiple lens-plane theory

In this section, we briefly summarise those aspects of gravi¥Ve now generalise the previous formalism to the case of a con-
tional lensing that are relevant for the present study. Fooge tinuous distribution of matter filling the volume betweer th
detailed discussion on the theory of gravitational lensiege- observer and the sources. We can divide this volume into a
fer the reader to the review by Bartelmann & Schneider (2008gquence of equidistant sub-volumes whose depths along the
line-of-sight are small compared to the cosmological dists

) ) between the observer and the centres of the sub-volumes, and
2.1. Lensing by a single plane of matter between those and the sources. Doing so, the thin screen ap-
groximation remains locally valid. If the light cone is nawr

We start with the deflection of light rays by thin structure o o
g el enough, the matter distribution within each sub-volumeloan

in the universe. Thishin-screenapproximation applies when laced b di ional h hus. liahs
the physical size of the gravitational lens is small comgaoe replaced by a two-dimensional matter sheet. Thus, lighs ray

the distances between the observer and the lens and betv\?égnapproximated by a sequence of straight lines between the

the lens and the sources. Accordingly, we project the thrégplanes between the ol_aserver_and the sources, wheéne
dimensional matter distribution of the lep@, w) on the lens number of sub-volumes into which the space between observer

plane and obtain the surface mass density and sources has been divided. In the following discussien, w
assume that the sources lie on thie« 1)-th plane.
The deflection angles on each plane can be computed
2(0) = fp(ﬂ, w)dw, (1) by spatially diferencing the corresponding lensing potential.
Following|Hamana & Mellier|(2001), the gravitational poten
whered is the angular position vector on the lens plane angtial of the matter within each sub-volume is decomposed into

is the radial coordinate distance along the line-of-sight. & background and a perturbing potential. The equationimglat
Thecritical surface densitys defined as the lensing potential to the mass distribution responsiie

lensing on the-th plane is very similar to EQJ 4, but the surface
density is substituted by the density contrast of the ptepbc

C2 Dds
Serit = —— 2) matter
crit 47TG DdDS B ( )
. . apmjzfd(s-a, =fd 2_q), 8
whereDs, Dy and Dy are the angular-diameter distances be! o (6, w) W 13 (8)

tween the observer and the source, between the observe.r\ﬁ grepi is the three-dimensional density field in thth sub-
the lens, and between the lens and the source, respective

R ling th ; density with the critical surf i ume,p is the mean density of the universe, afhd= (o; —
escaling the surlace densily wi € critical surtacesdgn 0)/p is the density contrast of the three-dimensional mass dis-
we obtain theconvergence

tribution in thei-th sub-volume. The Poisson equatidh (4) is

thus
K(0) = 2(0) . (3) 87TG,5 ) Ho 2 .
o Va(6) = = 2a760) = 30(=2) oP°le). ©
A thin lens is fully described by théensing potential gnq the deflection angle is
¥, which is related to the convergence through the two-
dimensional Poisson equation @ = Vyi . (10)

) A light ray propagating from the source to the observer is
Vo = 2 . (4)  thus deflected on each plane by the amauii), whereé,
indicates the position where the light ray intercepts ttielens
The deflection angle is the gradient of the lensing potential plane. The lens equation, relating the positions of a ligitan
the N-th and the first planes can be constructed iteratively by

a=Vy. (5) summing the deflections on all intermediate planes. It b&som
-1
The pointd on the lens plane is mapped onto the pgioin Oy = 01 — nZ: Din Dsai ) (11)

the source plane given by thens equation ~ DnDis

which represents the generalisation of Eq. 6 to the mudtirl
case. In the previous equation, we introdu®g and D;js to
indicate the angular diameter distances betweerni-theand
the N-th planes, and between tlie¢h plane and the sources,
respectively.

B =0-a0), (6)

wherea(6) = Dys/Ds@(6) is thereduced deflection angle
The complexshear y = (y1 + iy2), is also obtained from

the lensing potential. Its componentsandy are The lens mapping between tieh and the first planes is
described by the Jacobian matrix
_ (P Py _ % o6,
=2\ " 92) T 96000, A= (12)

00,
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The matrix describing the mapping through a sequends of The mass resolution is.&x 10°M,/h for the cold dark

planes is obtained by recursion. It is given by matter particles, and.8x 10°M,/h for the gas particles. This
1 allows resolving halos of mass 1M, with several thou-
Ay=1- D"‘DSUiAi , (13) sands of particles.
-1 DnDis Several snapshots are obtained from the simulation at scale
factors which are logarithmically equidistant betwesgn =
where .
0.1 andasj, = 1. Such snapshots are used to construct light-
U = % ) (14) cones for the following ray-tracing analysis.
i

On the source plane, we define the Jacobian mAtix by 3.2. Construction of the light-cones

Aua=(LlKT7 v ) (15)

r—w l—x+m Aiming at studying light propagation through an inhomoge-

neous universe, we construct light-cones by stacking $mdps
This is not necessarily symmetric since it is the productaf t of our cosmological simulation at fikerent redshifts. Each
symmetric matrices. The asymmetry is given by the rotatigmapshot consists of a cubic volume containing one realizat
termw. This term only appears in the multiple lens-plane thef the matter distribution in th CDM model at a given red-
ory because the Jacobian matrix is symmetric for a singke leghift. However, since they are all obtained from the sant@ini
plane. The terms andy appearing in Eq.15 are now teec- conditions, these volumes contain the same cosmic stegtur

tive convergencand thegffective shearrespectively. in different stages of their evolution. Such structures are ap-
proximately at the same positions in each box. Hence, if we

3. The numerical simulation want to stack snapshots in order to build a light-cone encom-
passing the matter distribution of the universe betweeman i

3.1. The cosmological box tial and a final redshift, we cannot simply create a sequehce o

The cosmological simulation used in this study is the resfudt consec_u'uve _snapshots. Inst_ead, thg)_/ must be randomtyedota_
and shifted in order to avoid repetitions of the same cosmic

hydrodynamicalN-body simulation, carried out with the code . . . .
Gx,/ADGEyT-z(SorinaeI. 2305). It has been described and used%ructures along one line-of-sight. This is achieved byiyapp

several previous studies (Murante etlal., 2004; Roncazedi., ‘N9 transformatl_ons to the coord_mates O.f the particlesaiche .
1 . . . cube. When doing so, we consider periodic boundary condi-
2006). We only briefly summarise here some of its charaeterjs ; o :
ions such that a particle exiting the cube on one side rergnt

tics. A more detailed discussion can be found in the paperoxthe ooposite side
Borgani et al.|(2004). ppost ' _ . .
The simulation represents a concordand@DM model, One additional problem in stacking the cubes is caused by

with matter density paramet&, = 0.3 and a contribution the fact that, as they were written at logarithmically sghce
from the cosmological constafit, = 0.7. The Hubble parame- scale factors, consecutive snapshots overlap with eadr oth
ter ish = Ho/100= 0.7 and a baryon density parameSag,, = by up to Mo—thirds of their comoving side-length (at the fow
0.04 is assumed. The normalisation of the power spectrum&t redshift). Thus, we have to make sure to count the matter

the initial density fluctuations, given in terms of tesdensity N the overlapping regions only once. For doing so, we chose
fluctuations in spheres off8Mpc, isos = 0.8, in agreement to remove particles from the Ia_ter snapsh_ot. The ghmce@f th
with the most recent constraints from weak lensing and fropg'ticles to remove from the light cone is not critical, inc
the observations of the Cosmic Microwave Background (e §12PShots are relatively close in cosmic time. Severa reste
Hoekstra et all, 2006; Spergel et al., 2006). confirmed this expectation.

The simulated box is a cube with a side length of Hence, the light-cone to a given source redshifs con-
192h~*Mpc. It contains 489 particles of dark matter and anstructed by filling the space between the observer and the
equivalent number of gas particles. The Plummer-equival&®urces with a sequence of randomly rotated and shifted vol-
gravitational softening is set tg = 7.5kpc/h comoving be- umes. As explained in Se€t. 2.2, if the size of the volumes is
tween redshifts two and zero, and chosen fixed in physices urimall enough, we can approximate the three-dimensiona mas
at higher redshift. distribution in each volume by a two-dimensional mass distr

The evolution of the gas component is studied includif@tion. This is done by projecting the particle positionstioa
radiative cooling, star formation and supernova feedbask, mid-plane through each volume perpendicular to the line-of
suming zero metalicity. The treatment of radiative coolirsg Sight. Such planes will be used as lens planes in the follgwin
sumes an optically thin gas composed of 76% hydrogen di®¥-tracing simulations.

24% of helium by mass, plus a time-dependent, photoionis- The opening angle of the light-cone is defined by the an-
ing uniform UV background given by quasars reionising thgle subtending the physical side-length of the last plarierbe
Universe atz ~ 6. Star formation is implemented using the hythe source plane. For sourceszat 1 andzs = 2, this corre-
brid multiphase model for the interstellar medium introgdic sponds to opening angles oB4and 31 degrees, respectively.
by Springel & Hernquist (2003), according to which the ISMin principle, tiling snapshots at constant cosmic timewadthe

is parameterised as a two-phase fluid consisting of colddsloicreation light-cones of arbitrary opening angles. Howetés
and hot medium. is not necessary for the purposes of the present study.
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Fig. 1. Sketch illustrating the construction of the light conesig. 2. Number of halos per mass bin per square degree. The red

A sequence oN lens planes (vertical lines) is used to fill theand green curves show the halo mass distribution for soatces
space between the observer (O) and the sources oNthé)-  z = 1 andz = 2, respectively.

th plane. The aperture of the light cone depends on the distan
to the last lens plane. At low redshifts, only a small fractad i i )
the lens planes enters the light-cone (dark-gray shadéahieg line). Obviously the light-cones contain a large numbepof-|

1 3p-1 ;
This fraction increases by reducing the redshift of the sesyr Mass halos< 10" - 10"*h™Mg) which are expected to be
increasing the aperture of the light cone (light-gray shiage undetectable through weak lensing. On the other hand, a much
gion). lower number of halos with maggl > 10h~*M, are po-

tential lenses. We note that the numbers of haloes with rmasse
larger than 5< 10'3M,, are approximately equal in both light

If the size of the light-cone is given by the last lens plan€ones, because such haloes are mainly contained in the low-
increasingly smaller fractions of the remaining lens ptawél  redshift portion of the volume which is common to both light

enter the light cone as it approactzes 0 (a = 1, see Fig.l1). COnes.
We ignore the intracluster gas here because it contributes

about one order of magnitude less mass than the dark mat-
ter and therefore does not significantijezt the weak-lensing

Each simulation box contains a large number of dark-matf@tantities.
halos. For our analysis, it is fundamental to know the larati
of the halos as well as some of their properties, such as theiy Ray-tracing simulations
masses and virial radii. Thus, we construct a catalog ofshalo
for each snapshot. The procedure is as follows. We first rud B€ lensing simulations are carried out using standard ray-
friends-of-friends algorithm to identify the particlesitieging tracing techniques. Briefly, starting from the observerfraee
to a same group. The chosen linking length is50times the @ bundle of 20482048 light rays through a regular grid cover-
mean particle separation. Then, within each group of link&i@ the first lens plane. Then, we follow the light paths tatgar
particles, we identify the particle with the smallest vatfi¢he the sources, taking the deflections on each lens plane into ac
gravitational potential. This is taken to be the centre eftthlo. count.
Finally, we calculate the matter overdensity in spheresrado ~ In order to calculate the deflection angles, we proceed as
the halo centre and measure the radius that enclosing an afRlfows. On each lens plane, the particle positions are/te
age density equal to the virial density for the adopted cosnidted on regular grids of 20482048 cells using the triangular-
logical model,pyir = Ac(2perit(2), Wherepgrii(2) is the critical shaped-cloud (TSC) scheme_(Hockney & Eastwaod, [1988).
density of the universe at redshiftand the overdensits(2) This allows to avoid sudden discontinuities in the lensing
is calculated as described in Eke et al. (2001). mass distributions, that would lead to anomalous deflestion
We end up with a catalogue containing the positions, /@ the light rays((Meneghetti et al.. 2000; Hamana & Mellier,
virial masses and radii, and the redshifts of all halos irheag001)- The resulting projected mass maldg,, wherel, m =
snapshot. The positions are given in comoving units in the cb --»2048and = 1,..., N, are then converted into maps of the
ordinate system of the numerical simulation. They are edtatProjected density contrast,
and shifted in the same way as the particles during the agmstr [
tion of the light-cone. The positions of the halos in the caree /"% = 1T —|; | (16)
finally projected on the corresponding lens plane. Ap
In Fig[2, we show the mass functions of the dark-matter hahereA; andL; are the area of the grid cells on théh plane
los normalised to one square degree and contained in thte ligind the depth of theth volume used to build the light cone,
cones corresponding i@ = 1 (solid line) andz; = 2 (dashed respectively.

3.3. Halo catalogues
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The lensing potential at each grid poimtm, is then calcu- 16-06 Frr— e :
lated using Eq[19. Owing to the periodic boundary conditions | Numerical Effective Convergence Power Spectrum |
of the density-contrast maps, this is easily solvable ufdst Numerical Shear Power Spectrum -~
Fourier techniques. Indeed, Hg. 9 becomes linear in Fourier 1e08 T T
space, 1e-09 i\'f“f%}_\ 7
o o lelot P i
N Ho)\? oPI(k) T Ty
k) = -3Q (—) , 17 1e-11 . i
(k) 2) e (17)
1e-12 |- <, g
wherek is the wave vector ang and 6! are the Fourier 1e-13 ‘**-gﬁ e
transforms of the lensing potential and of the projectedsiten 1ot | kN
contrast, respectively. Using finiteftirencing schemes, we fi- R
nally obtain maps of the deflection angles on each plafg, 115 = 1000 10000 10000C
(Premadi et all, 1998). k=2m/6

The arrival position of each light ray on the source plane Sy 3 Numerical power spectra of thefective convergence
computed_usmg Ed.11 which incorporates the defl_ect|0ns @blid line) and of the shear (dotted line) obtained by agera
all precedingN lens planes. However, the ray path intercepisg over 60 diferent light cones corresponding to a solid angle
the lens plane at arbitrary points, while the deflection esiglys . 13 square degrees. The power spectrum expected for a
are known on regular grids. Thus, the deflection angles at the pm model with the same cosmological parameters as the
ray position are calculated by bi-linear interpolationtué te- - imy|ation is given by the dashed line. The errorbars aressho
flection angle maps. only for the dfective convergence power spectrum, but are of

Again using finite diferencing schemes, we employquivalent size for the shear power spectrum.

Eqs[I2 td_Ib to obtain maps of thiextive convergence and

shear. . . : .
In the weak-lensing regime, affigiently small source with
intrinsic ellipticity €5 is imaged to have an ellipticity
3.5. Testing the ray-tracing code €s+g

€= , 18
We test the reliability of the ray-tracing code by compartime 1+ge 49
statistical properties of several ray-tracing simulagianth the whereg is the complex reduced shear, and the asterisk denotes
theoretical expectations for®CDM cosmology. In these tests,complex conjugation. We adopt here the standard definition o
we assume that all source redshifts zare 1.5. For this source ellipticity, € = e, + ie; = (a— b)/(a+ b)€?, werea andb are
redshift, the light cone spans a solid angle of rough®$ 3 13  the semi-major and the semi-minor axes of an ellipse fittieg t

square degrees on the sky. We perform ray-tracing throughdiflect’'s surface-brightness distribution. The positiogla of

different light-cones in total. the ellipse’s major axis ig.
In Fig.[3, we show the power spectra of thEeetive conver- The complex reduced shear is defined as
gence and the shear, obtained by averaging overfidirdit re- ()

alizations of the light-cone. These are given by the soldian 9(0) = =) (19)
the dotted lines, respectively. The theoretically expepmver ~ K(6)
spectrum is shown as the dashed line. As expected, the eonlethe weak-lensing regime, < 1 andy = g. Equatior 1B
gence and the shear power spectra are equal. We note that tiigstrates that the lensing distortion is determined by tl-
agree with the theoretical expectation over a limited ramige duced shear. Since the background galaxies are expected to b
wave numbers. Indeed, they deviate from the theoreticabpowandomly oriented, the expectation value of the intrinsigrse
spectrum fork < 200 and fork > 20000. These two valuesellipticity e is assumed to vanish. Thus, the ellipticity induced
of the wave vector define the reliability range of these sanulby lensing can be measured by averaging overfcgently
tions and are both determined by numerical issues. On angi#gige number of galaxies and the expectation value of tig ell
scales> 1°, we miss power because of the small size of theity is equal to the reduced sheé&) = g.

simulation box, while on angular scales smaller tiai’ we In order to generate a mock catalogue of lensed sources,
sufer from resolution problems due to the finite resolution gfalaxies are randomly placed and oriented on the source plan
the ray and the mass grids. Their intrinsic ellipticities are drawn from the distriloi

3 expl(1 - |esl®) /02
3.6. Lensing of distant galaxies Ples)) = no2|exp (Yo2) -1’

(20)

Using the &ective convergence and shear maps obtained fravhereo,, = 0.3. We assume a background galaxy number
the ray-tracing simulations, we are now able to apply the-lerdensity ofng = 30 arcmin?. Observed ellipticities are ob-
ing distortion to the images of a population of backgrourtdined from Eq[ZI8 by interpolating thdfective convergence
sources. and shear at the galaxy positions. This procedure results in
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catalogues of lensed galaxies for each source redshifechosvhich takes into account the shot noise due to the fi-
where galaxy positions and ellipticities are stored. nite number and the intrinsic ellipticities of the sources
(Bartelmann & Schneider, 2001).

The shape of the filter functioH is usually chosen to have
a compact support and to suppress the halo centre because the
We investigate the performances of three weak-lensinmasti lensing measurements are more problematic there. Indezd, t
tors which have been used so far for detecting dark-matter haak-lensing approximation may break down and the cluster
los through weak lensing. These are the classical apertaiss ngalaxies may prevent the ellipticity of background galaxie
(Schneider, 1996; Schneider et al., 1998), an optimiseslorer be accurately measured.
of it (Schirmer et al.. 2004), and the recently developedi-op |Schneider et all (1998) propose the polynomial function
mal weak-lensing halo filter (Maturi etlal., 2005). More dlsta
on these three estimators are given below. = 1+ |)2(2 +1) (1= ) H(1-x), 28)

All of them measure the amplitude of the lensing sig- 0 ax

nal A within circular apertures of sizé around a centrd. here H(x) is the Heavisid f . nd= 0/6
Generalisations are possible to apertures fiédint shapes. In V€€ (X.) Is the Heaviside step function, and=6/6max
kthe radial angular coordinate in units of the radig.y

eneralA is expressed by a weighted integral of the tangentia ; ) o
9 A P y g 9 g ereWapr vanishesl is a free parameter which is usually

component of the shear relative to the pant:. The weight "V . . .
is prgvided by a filter functio®¥, such thaFt) nh g set tol = 1. Note that this filter function was designed es-

4. Weak lensing estimators

pecially for measuring cosmic shear. However, severalasth
AB.9) = | d2ow(e.0w(e —a) . 21y have useq it for searches for dark matter halos (Erben et al.,
(6.6) f (@ O¥( D (21) 2000; Schirmer et al., 2004).
and the integral extends over the chosen aperture. Thencaria  More recently, other filter function® have been pro-
of the weak-lensing estimator is given by posed which maximise the signal-to-noise rd@pt/om,p; -
Schneider et al| (1998) show that this is the cas® ifnim-
o2 = 1 fl‘i’(k)le’N(k)dzk, (22) ics the shear profile of the lens. For example, Schirmer et al.
(2r)? (2004) propose a fitting formula that approximates the shear

profile of a Navarro-Frenk-White (NFW) halo_(Navarro et al.,

where?(k) is the Fourier transform of the filter, a k) the o oo
(k) Rtk (k) 1996). Their filter function is

power spectrum of the noise.
¥ () = 1 tanhx/x.
4.1. Aperture Mass OAPTAY = 14 b 160 1 g 47+60x  y/x;

(29)

The aperture mass was originally proposed by (Schneideherex. is a parameter controlling the shape of the filter (see
1996) for measuring the projected mass of dark-matter catisolPadmanabhan et al., 2003; Hetterscheidt et al.,| 2005).
centrations via weak lensing. It represents a weightedjiate the rest of the paper, we will refer to this implementatioithef

of the convergence, aperture mass as to the “optimised aperture mass”.
Hennawi & Spergel (2005) included the photometric red-
Mapt(6) = fdzo'x(o’)uqo' -0). (23) shifts of background sources, increasing the halo-detesgn-

sitivity at higher redshifts and for smaller masses. Aimitig
The weight functior (6) is symmetric if the aperture is chosercomparison of dferent filters, we neglect this additional in-

to be circular, and it is compensated, i.e. formation here. We can therefore not apply their tomographi
approach, which is based on an NFW fitting formula. They also
fde'e'u(e') =0. (24) suggested using a Gaussian profile which found application i
0

actual weak-lensing surveys (see e.g. Mivazakiet al., [R002
Since the convergence is not an observable, the aperthuéhere we focus on the filter proposed by Maturi et al. (2005)
mass is more conveniently written as a weighted integrdief twhose shape is statistically and physically well motivated
tangential sheatr,
Mapr(6) = f R0 ) (8. O)apr(l6 — 6) . (25) 4.2. Optimal Filter
Maturi et al. (2005) have recently proposed a weak-lensing fi
where the functio apt is related to the filter functiokd by  ter optimised for an unbiased detection of the tangentie@sh

the equation pattern of dark-matter halos. Unlike the optimised apertur
2 mass, the shape of optimal filter is determined not only by the
Y(9) = 7 fda'a’U(e') -u() . (26) shear profile of the lens, but also by the properties of theenoi
0 affecting the weak lensing measurements.
The variance.arﬁlwT of Mapt is defined as The measured data is composed of the signal from the

lensS and by the nois&l, and can be written as
o

2 0
Thhor = " fo A6/ Ve ) . (27) " D(g) = S(8) + N(B) = Ar(8) + N(6) , (30)
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whereA s the total amplitude of the tangential shear a(@ is Thus, the total noise power spectrum is

its angular shape. The noisecomprises several contributions

that can be suitably modeled. Pn(K) = Py(K) + Pe(k) (37)
The optimal filter accounts for the noise contributions be- ) ) )

cause it is constructed such as to satisfy two conditionst,Fi whereP, is determined by the linear theory of structure growth.

it has to be unbiased, i.e. the average error on the estimiat&’3iNg the linear instead of the non-linear power spectrum
the lensing amplitude avoids suppressing a substantial fraction of the signah fitee

non-linear structures we are searching for. To further cedu
Aesl6) = deH’D(H’)‘P(IH’ _a) (31) any loss of signal in the filtering process, it would be pdss!b
to cutP, off at angular scales typical for galaxy clusters. Doing

has to vanish: so, we found that this approach has a negligible impact on the

final result.
b= (Aesi— A) = A[ f ¥(6)7(8)d%0 — 1} =0. (32)
. 12 T T T T T T L T T
Second, the noise OPT, excluding LSS ——
OPT, suppressing LSS -------
1 THS -

o = (fen= A =14 s [IROPPGORK (39)
has to be minimal with respect to the signal.

The filter function¥ satisfying these two conditions is g
found by combining them with a Lagrangian multiplierThe
variationL = o + Ab is carried out, and the filter functioH
is found by minimising-. In Fourier space, the solution of this
variational minimisation is

1 [ |%(k)|2d2k}‘l #(K)
@7 ) PR ] Pu@

where the hats denote the Fourier transform. The last exuati
shows that the shape of the optimal filtéris determined by Fig.4. Comparison of the dierent filter shapes used here and
the shape of the signat, and by the power spectrum of then the literature. The filter scales are those typically used in
noise,Py. the literature. Note how the optimal filter (black solid ceyv
Maturi etal. (2005) model the signal by assuminghrinks when the linear matter power spectrum is used to sup-
that clusters are on average axially symmetric and th@fess the LSS contribution (red dashed curve). Interdgting
shear profile resembles that of an NFW halo (see elgennawi& Spergel(2005) found experimentally that the trun
Bartelmann, 1996: Wright & Brainerd, 2000; Li & Ostriker,cated NFW-shaped filter (cyan curve) performs best when
2002; Meneghetti et al., 2003). Consequently, this filtesgs Scaled to the green curve (THS), which approximates the opti
timised for searching for the same halo shape as the optimigeal filter (OPT, red curve) almost precisely. The advantdge o
aperture mass, even if the filter profile isfdrent. the optimal compared to the other filters is that its shape and
The noise is assumed to be given by three contributios§ale are physically and statistically well motivated sthait it
namely the noise contributions from the finite number of bacReeds not be experimentally rescaled.
ground sources, the noise from their intrinsic elliptiegtiand

orientations, and the weak-lensing signal due to the laogde . . . .
gsig In Fig.[4, we compare the filters studied here and in the

structure of the universe. . : .
The first two sources of noise are characterised by tﬂtgrature. They are sgaled |n-such a way as they are typicall
power spectrum Iscussed or_apphed in the Ilte_rature_(see_also the figgre le
end and caption for more detail). At first sight, the scales ar
10-55 surprisingly diferent. When the optimal filter is constructed
Pe(k) = 2.’ (35) including the linear matter power spectrum such as to bgst su
’ press the LSS contribution, it shrinks considerably. lteas-
which depends on the dispersion of the intrinsic ellipisit suring that the truncated NFW-shaped filter (THS) proposed
of the sourcesg,, and on the number density of backgroungnd heuristically scaled by Hennawi & Spefdel (2005) todyiel
galaxiesny. best results almost exactly reproduces the optimal filteeyT
The statistical properties of the noise due to the lensigtg Shre therefore expected to perform similarly well. The ojxid
nal from the large-scale structure of the universe are desstr aperture-mass filter (OAPT) also peaks at fairly small aagul
by the power-spectrum of théfective tangential shear. This isscales, but shows the long tail typical for the NFW profilee Th
related to the power-spectrum of thieetive convergence by aperture mass has its maximum at comparatively large radii,
1 explaining why the APT filter yields results most severely af
Py(k) = EPK(k) : (36) fected by the LSS.

GAUSSIAN

Forr(K) = (34)
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5. Results

5.1. Signal-to-noise maps

We now use the above-mentioned weak-lensing estimator4s
analyse our mock catalogues of lensed galaxies.

In practice, the integral in EG. 21 is replaced by a sum oy
galaxy images. Moreover, since the ellipticitys an estimator
fory, we can write

Pes(6) = nig > a(@)¥(0 - 0). (38)

whereg; (6;) is the tangential component of the observed ellij
ticity of the galaxy a#;, with respect to the poir. Similarly,
the noise estimate iAgtis given by

P (Bes)(0) = 55 3 (@40, - 0. (39)
g9 i

ComputingAest ando?(Aes) ON a grid covering our simu-
lated sky, we produce maps of the signal-to-noise ratio lor |
the weak lensing estimators. We use threEedent filter sizes
for each estimator in order to test the stability of the rissul
achieved. These have been calibrated among fffierelnt fil-
ters to allow the optimal detection of similar objects. Hoe t
optimal filter, we used sizes of 12" and 4. These correspond
to 275, 5.5 and 11 for the aperture mass, for the optimise:
aperture mass we used the valugd® and 20 that are widely
used in literature.

In Fig.[ we show examples of the signal-to-noise is
contours of the weak lensing signal, superimposed on the cor ) )
responding fiective convergence maps of the underlying pr -1g. 5. Maps of the #ective convergence for sources at_redshlft
jected matter distribution for sources at redshift= 1 (left Zs = 1 (left panels) a}nds = 2 (right panels) for a region (_Jf
panels) andzs = 2 (right panels). The iso-contours start a§|mulated sky. Superimposed are thg iso-contours of th!xablg
S/N = 4 with a step of 3. From top to bottom, the maps rd0-noise ratio of the weak-lensing signal measured witbehr

fer to the results obtained using the aperture mass (AP®), Wtimlators, nar\]mely the APT (top pa:nels)hth'e OAPT (middle
optimised aperture mass (OAPT) and the optimal filter (OPf nels) and the OPT (bottom panels). The iso-contours start

with sizes of 11, 20" and 4, respectively. The circles identify om _S/N = 4 W_ith a ste_p of 3._The positions Ofsﬂf halos
halos with massV > 7 x 104h~M, present in the field-of- contained in the field-of-view having makt > 7 x 10'3h~1M,,

view. The side length of each map is one degree. are identified by circles. The filter sizes ar€,120 and 4 for

The images show that, for sources at high redshift, all thrtehee APT, the OAPT and the OPT, respectively.

estimators can successfully detect the weak-lensing ldigma
clusters in the mass range considered. However, spuricus
tections, corresponding to high signal-to-noise peaksaasb-
ciated with any halo, also appear. Their significance antiapaln the following, we call adetectiona group of pixels in the
extent is larger in the case of the APT and the OAPT filterS/N maps above a thresho&/N ratio. Its position in the sky
This confirms the results of Maturi et/&l. (2005). is given by the most significant pixel, i.e. that with the regh

For lower-redshift sources, the OPT detects five out of ti§gN ratio.
seven halos present in the field, while the APT and the OAPT A true detection is obviously a detection that can be associ-
detect substantially fewer halos. For the OPT, the numberaied with some halo in the simulation. A spurious detectson i
spurious detections is roughly the same or slightly sméilen instead mimicked by noise, in particular by cosmic struesur
for sources at higher redshift, while it is strongly reduéed aligned along the line-of-sight.
the APT and the OAPT. The natural explanation of these re- The association between weak-lensing detections and clus-
sults is that the detections with the APT and the OAPT ater halos is established by comparing their projected joosit
strongly contaminated by the noise from large-scale sirect on the sky. This causes a problem, because the simulation
lensing, which becomes increasingly important for souatesboxes contain plenty of low-mass halos that are not individu
higher redshift. This noise idleciently filtered out by the OPT. ally detectable through lensing but happen to be projected n

8% True and spurious detections
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the line-of-sight towards a detection. Thus, spuriousatites classify the detection as true, and otherwise as spurioes. W
could easily be erroneously associated with these low-hmass estimate through several checks of detections associatbé t
los on the basis of the projected position only. halos thaS/N fluctuations of order 25% of the initial value are
possible due to dlierent properties of the noise. Thus, we set
this limit as our threshold for discriminating between tarel
spurious detections.

This method also shows its power when pixels identifying a
true detection are compared with pixels associated to aspur
detection. This is shown in Fi§] 7. The map in the left panel
represents a true detections, while the map on the rightl pane
shows a spurious detections. The maps referfferdint regions
of aS/N map created with the APT estimator with a filter size
of 11’ and a source redshift af = 2. As itis clearly seen, itis

Fig. 6. Map of theS/N ratio corresponding to a region of 3impossible a priori to distinguish which of the two is spurso
square degrees. The map was created using the OAPT estima-

tor, with a filter scale of 20and assuming a source redshift of

zs = 1. The left panel shows th&/N ratio map including all 5.3. Statistical analysis of the detections
lens planes, while the right panel shows the same map obitaine

after removing the lens plane containing the cluster resipta

for the highesB/N peak in the left panel. w00 - wo—_—
aptr2.75 —— —‘ aptr2.75 ——
& | aptri1 - & —\ aptri1 -
g tob | B otofpe- —
o 8 =
§ 1E ER ﬁ«_f

0.1

T T T T T T 100 T T T T T T
oapt r5 oapt r5
] 0apt 120 -------- 0apt 20 -

(per square degree)

S+N (per square degree)

Fig. 7. Maps of theS/N ratio corresponding to a region of 33
square degrees. The maps were created with the APT estjmator,
with a filter scale of 11and assuming a source redshiftzgt=

2. The left panel shows a true detection, while the right pane

=
3

shows a spurious detection. T 3 — opird
g 1p g 10 i; ‘ ]
As pointed out earlier, we describe the lensifiget of the & [ g iL
matter contained in the light cone with a stack of lens planes é

Cluster halos are localised structures, i.e. their sigrigimates oa L
from a single lens plane. Thus, any detection should disappe

when its plane is removed from the stack. Conversely, sparigjg. 8. Number of detections as a function of t8¢N ratio ob-
detections are not caused by localised structures anddsh®ul (gined by using the APT (top panels), the OAPT (middle pan-
main even after removing an individual lens plane. This-is ib|s) and theDPT weak lensing estimators. Results for sources
lustrated by th&S/N maps shown in Fig.[6. The map in the lefigt redshiftz, = 1 andzs = 2 are shown in the left and in the
panelincludes all lens planes, while one plane was remavedight panels, respectively. Berent line styles refer to three dif-
the right panel. Both maps were obtained with the OAPT esfisrent filter sizes. For the OPT, these afe2 and 4. They

mator with a filter size of 20and a source redshiftat = 1. correspond to 5, 5.5, and 11 for the APT and to 5 10
Clearly, the highest peak in the left panel, which is in fatt-p znd 20 for the OAPT.

duced by a massive halo, disappears in the right panel rafter

moving the lens plane from the stack which contains the halo.

All other features in the left upper map remain unchanged. In Fig.[8, we show the number of detections per square de-
This allows us to verify the reliability of detections assoc gree inS/N ratio bins, ignoring for now the distinction between

ated with some halo in the catalogue. For each positive mattiue and spurious detections. Left and right panels refsinte

we estimate the lensing signal before and after removing thiations with sources at redshifts = 1 andz; = 2, respec-

plane containing the candidate lensing halo from the ldasep tively. From top to bottom, we show the results for the APT,

stack. If this causes a significant decrease inSh¢ ratio, we the OAPT and the OPT estimators. In each panel, we use solid,

0.1

SIN
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dashed and dotted lines to display the histograms corrélspon “——— on T T T s T
ing to increasing filter sizes. . of apt 1 e sof A

. . . P AOj 407—‘ P P
For low source redshifts and small filter sizes, the AP¥ f I [y — : )
20 - N

s [%]

and the OPT estimators lead to similar numbers of detectior‘?}sa0 .

Spurious Detections [%]

Instead, for the OAPT, the number of detections is larger t&yfz
up to a factor of two foIS/N = 4. Increasing the filter size,

. . . 0 L L L L L . . . .
the number of detections generally increases for all estiraa o4 s e T s e o s e 7m0
especially for largé&/N ratios and in particular for the OPT. 0 P 60 e

We notice, however, that for sma&@yN ratios, larger filters ¢ *| e oapl 20

40 40 1

30+
20

produce lower numbers of detections for the APT and for ch;
OAPT. This behaviour is more evident for sources at highér | |
redshifts. For example, we find that the number of detections® [ —

Spurious Detections [%]

with S/N = 4 drops by a factor of 4 for the APT and by a factor | ;ﬁ b 0T uﬁi
of ~ 7 for the OAPT, when increasing the filter size frorf’20 s 4 s 6 7 8 9 w5 4 5 & 7 8 9 0
11’ and from 3 to 20, respectively. Increasing the filter size, o — M — 6 M —

the weak-lensing signal is estimated by averaging over mores, i sof B
background galaxies. Thus, hi§iN peaks are smoothed, and% a0 T 1 wl ]

Detectio

some detections may be suppressed. Tifiects mainly the de-

30

Spurious Detections [%]

30 - |
tections with the APT and the OAPT filters. On the other hand, = | ﬁ ] 2l ‘
the OPT filter shrinks in response to the noise introduced by« | R
the large scale structure, largely reducing thfee compared T e 1 o fT ]
to the APT and the OAPT. SN SN

The fractions of spurious detections are shown in Fig. Big. 9. Fraction of spurious detections as a function of #il
Clearly, the OPT estimator performs better than the APT aratio obtained by using the APT (top panels), the OAPT (mid-
the OAPT. For sources at redstaft= 1 andzs = 2, the fraction dle panels) and th©PT weak-lensing estimators. Results for
of spurious detections with the OPT is less than 20% and 3@®urces at redshift = 1 andzs=2 are shown in the left and the
atS/N ~ 4. This fraction decreases below 10% &N > 5 right panels, respectively. Berent line styles refer to three fil-
and drops rapidly to zero for high@/N ratios. Results are ter sizes. For the OPT these areZ and 4. They correspond
very stable against changes in the filter size. Converdaty, to 275, 5.5, and 11for the APT and to § 10 and 20 for the
APT and the OAPT estimators yield similarly low fractions 0©OAPT.
false detections only for the smallest apertures.

Depending on the filter shape, its size and on the source red- ] )
shift, aS/N threshold can be defined above which there are no Figurel10 shows the lowest mass detected in each redshift
spurious detections and thus all detections are reliablettie  Pin- This is defined as the mean mass of the ten least massive
OPT estimator, this minimal signal-to-noise ratio is beaw& Nalos detected in this bin. Again, results are displayedafior
and 8. Itincreases above 10 for the APT and the OAPT estinfégak-lensing estimators, forftrent filter sizes and for two
tors if large filter sizes are used. These results agree hgthe-  SOUrce redshifts.
sults of Maturi et al.[(2005), using numerical simulatioasg We note that the performance of the three filters is very
of Maturi et al. (2006), regarding the analysis of the GaBoD%Milar for sources at redshi, = 1 (left panels). The OPT
survey. (bottom panels) is only slightly mordfeient in detecting low-

Here, we studied the contaminations by the LSS, the intrige>> halos than the APT (top panels) and the OAPT (middie

sic ellipticity and the finite number of background galaadls pa_nels). T_he minimal mass detgcted depends on the lens red-
together. To gain an idea which of those is the main sou shift. All filters allow the detection of low-mass halos more

rce . . . .

for spurious detections, we used the APT with= 11 to .ei%mently_ if thgse are at redshifts betwee2 @nd 05, i.e. at

analyse a catalog of galaxies with intrinsic ellipticitisst to intermediate distances between the observer and the source
This obviously reflects the dependence of the geometrinat le

zero. In this case, the/8 ratio is enhanced by a factor of fouring strength on the angular-diameter distances between the

unlformly across the whole field, but the morpholc_)gy of thgbserver and the lens, the lens and the sources, and the ob-
map is not &ected. The same should apply to the finite num- o
server and the sources. The lowest detected masses fah with
ber of background sources. We thus conclude that the malif} 3 "1 a1 .
. o> ~ 10%h~1M,, and~ 10"*h~1M,, for the OPT estimator.
source of spurious detections is the LSS, as already noted byF high dshift. th _  best fil
Reblinsky & Bartelmann (1999) and White et al. (2002). or sources at \gher redsnit, t € reglon o est filter per-
formance shifts to higher lens redshift, betweeh &nd 08.
We note that due to the increasing importance of lensing by
5.4. Sensitivity large-scale structures, theffdirences between the estimators
are more significant. The OPT estimator allows the detection
We shall now quantify which halo masses the weak-lensing @$-halos with masses as low & 10*h~*M,, almost inde-

timators are sensitive to. pendently of the filter size. Similar masses are detecteld wit
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ey - T e sources at redshift; = 1 andzs = 2, respectively. For lower
_ R _ @tz masses, the completeness drops quickly, reachiri®% al-
g .l T8 Ll | ready atM ~ 2 x 10h 1M, for low-redshift sources, and at
5 50 B L] M~ 7x10%h M, for high-redshift sources. Similar results
e %I e e = are obtained with the APT and the OAPT only for small aper-
1e+13 | 1 1e+13 b o 1 tures.
0.1 (;.2 0‘.3 (;.4 0‘.5 (;.6 0‘.7 (;.8 0.9 0.2 (;.4 0‘.6 0‘.8 1 1‘.2 1.4
" oaptz1 15 — " oapt_z2_r5 10 apt_z1_12.75 —— i 10 apt_z2_12.75 —— /o
oapt_z1_r20 oapt_z2_r20 —‘ 80 apt_z1_ri1 - ; ."// —‘ 80 apt_z2_ri1 - //' ;
% 1e+14 | % testdp 4 % 60 Y % 60 J / 7
£ E i s 5
é ,,,,,,, é 1 S i % 40 /// : % 40 //
® et = ® e o s -
1e+13 | B 1e+13 | B P ! T
0.1 (;.2 0‘.3 (;.4 0‘.5 (;.6 0‘.7 (;.8 0.9 O‘.2 (;.4 0‘.6 0‘.8 ‘1 1‘_2 1.4 ?eﬂi! = 1e+14 1e+15 ?eﬂ:! = 1e+14 1e+15
2z Mass [solar masses/h] Mass [solar masses/h]
optzt i —— ' ' ' " optzart —— s ! R e VAN
optzi 14 optz2_r4 _ solom 71 120 - ’ / _ solom 22 120 - /
% Te+14 | % Te+14 | B g 60 / g 60 /’/
g g = ~ 5 /
: T T b I g e Eow
= | — ‘ = _‘ ‘ \’— = 20 - ! = 20
testa T J 1e+13 | N e e B J e B
01 0z 03 04 05 08 07 08 09 2 o4 06 08 1 1z 14 forra Tes14 Te+15 forra Tes14 Te+15
5 , Mass [solar masses/h] Mass [solar masses/h]
. .. . . 10 opt_z1_rt Vi 10 opt_z2_r1 yd
Fig. 10.Minimum detected halo mass as a function of redshift ol MELi /
for the APT (top panels), the OAPT (middle panels) and for the 7 g S
. . S 60 / S 60
OPT (bottom panels) estimators. Results for sources ahifeds £ T £ /
zs = 1 andzs=2 are shown in the left and in the right panels, reg * 7 g
spectively. Diferent line styles refer to three filter sizes. Forthe = 20 .
OPT, these are’12" and 4. They correspond to.25, 5.5, and T —— o — oo o
12 for the APT and to § 10 and 20 for the OAPT. Results Mass fsolar masses!t Mass fsolar masses!t
for each redshift bin are averaged between two planes.  Fig. 11. Fraction of detections as a function of the halo mass.

Each plot contains results obtained with the three filteri rad
used in this work. The panels on the left show curves for
the OAPT only for the smallest apertures. With the APT angburces ats = 1, the panels on the right for sourceszat 2.

the OAPT, the results are indeed much more sensitive to thém top to bottom we have the APT, the OAPT and the OPT.
filter size than with the OPT. Increasing the filter size pgshe

the detectability limit to larger masses. Again, as disedsa

Sect[5.B, this is due to the fact that the signal from lowsnas Figure 1l gives a global view of the halos detected, regard-
halos is smeared out by averaging over an increasing nunfibeless of the their redshift. In Fig.L2, we selected three rbass
galaxies entering the aperture. For example, the minimabm&M = 2.5 x 101*My/h, M = 5 x 10"*My/h, M = 10'*M,/h)
detected with the OAPT filter at~ 0.8 changes by one orderand determined the fraction of halos detected as a funcfion o
of magnitude by varying the filter scale fromtd 20. the redshift.

To reduce the noise, we binned together two lens planes as
in Fig.[10. Yet, the results are still noisy, there is muchaar
tion for all the filters when the filter radius is changed, amel t
We now discuss the completeness of a synthetic halo camlog@rformance of the filters is quite similar in this respece W
selected by weak lensing. see from the figure that the detected halos are prefergritall

Figure[I1 shows the fraction of halos contained in the ligh@ited at low and moderate redshifts, due, as already satt to
cone that are detected withfidirent weak lensing estimatorsgeometry of the lensing strength.
as a function of their mass. Again, we find that the OPT fil-
ter yields the most stable results with respect to change
the filter size. This is particularly evident for sources ed-r
shift z; = 2 (right panels), while the ffierences are smallerThe peak statistic counts peaks in convergence maps,
for zs = 1 (left panels). As discussed earlier, the APT and theg. obtained with the Kaiser-Squires inversion (see
OAPT become lessficient in detecting low-mass halos whelKaiser & Squires, | 1993; |_Kaiser, Squires & Broadhurst ,
the filter size is increased. 1995), usually smoothed with a Gaussian kernel. Even though

For the OPT estimator, the completeness reaches 100%tfay used a dierent set of numerical simulations, we can
massesM > 3 x 10"%h Mgy andM > 2 x 10"h~*M,, for safely compare our results with the peak-statistic anslggi

5.5. Completeness

S5, Comparison with the peak statistics
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100 100

: TR rTIT p— T T N2seTa Wi searches for dark matter concentrations in the GaBoDS ypurve

ol Meferd i of utetann —— 1 (Schirmer et al., 2003; Maturi et al., 2006).
£ ol g ol | To this goal, we perform a new set of ray-tracing simula-
g Wl ‘ % .0 - r | tions, where a realistic redshift distribution of the s@s'és as-

N ; : R sumed. In particular, we draw the sources from the proligbili

I o I B | distribution function

I e e o Ll N

0 02 04 , 0.6 0.8 1 0 0.5 Z1 15 2 P(Z) - N eXp[—(Z/ZO)'B] , (40)

” T — ” ‘ “wesein —— 1 whereN is chosen such that

80 I M=ie14 M/ - 80 | M=1e14 M/h - | o
£ wl g ol 1 f P(2dz=1. (42)

§ g 0
£ ‘ U | We adaptP(2) to the redshift distribution of the sources in

“r - I 1 the GaBoDS survey by settingg = 0.4 andg = 15

o5 %6 Y o P pye > (Schirmer et al.; 2003). In order to mimic the number den-

" ’ " : sity of galaxies in the GaBoDS observations, we assogre

M-2.5613 Mif —— i ' M:z.?oxa‘ n—— 10 arcmiﬁl.

. A I I . By repeating the same analysis outlined above, we find re-
£owp £ owp - 1 sults thatare compatible with the results of Maturi et &D0@).
Eowol o 1§ wf 1 In particular, the number of detections wi8/N = 3.5 per

wl ] ol LI | square degree in our GaBoDS simulations (in GaBoDS data)

N i B Nl - are= 5 (= 4) for the OPT withr = 2/, ~ 3 (=~ 3) for the OAPT

o0z o 0e 0 ° 0s ! e 2 withr = 10 and=~ 1.5 (= 2) for the APT withr = 5.5 (r = 4')

. . . . respectively. A comparison between the detections wiftedi
Fig. 12. Fraction of halo detections with the APT, OAPT an%nt?/veak Ieynsing esFt)imators is shown in Fig. 13

OPT (from top to bottom) as a function of the halo redshift for
three particular masses. The red line corresponds to a rhass o

M = 25x 108My/h, the green line tdl = 5x 101%My/hand  “F 7~~~ " wiks- whl | men-
the blue line toVl = 10**M,/h. The panels on the left show the g T L w
results for sources at = 1 and those on the right for sources: w% 18
atzs = 2. From top to bottom, the filter radii are= 5.5 (for ¢ | g ol
APT),r = 10 (for OAPT) andr = 2’ (for OPT). Results for = '[ | :
each redshift bin are averaged between two planes. . IH - 2: I
Hamana et al! (2004), whose Gaussian kernel has a FWHM of ! R B : | o2pt 120
1 arcmin. g o E

Fixing a detection threshold &N > 4 (5),/[Hamana et al. f’ 1 5 " Liﬂ
(2004) foundN ~ 6 (25) detections per square degree, 60% 't |- : N
(76%) of which correspond to real haloes with masses Iargwer LH T
than 133 h~1M,. In our simulations, with the sameéNbthresh- M s 6 7 s s 1 P A R
old and the optimal filter by Maturi et all_(2005), we found . . " o~
N ~ 10 (7), with an @iciency in detecting real haloes of _ it S B B2
85% (95%). For halos with masséé > 2 x 104h M, & .| L
(M ~ 1x10"*h-1M,), thed Hamana et al. (2004) sample iscoms | |, B oo
plete at the 70% (50%) level, which is virtually identicalhe 5 ik 1 g o
completeness of 70% (50 60%) achieved with the optimal ¢ L & ol ‘
filter. ol L P

) ) ) Fig. 13. Total number of detections per square degree (left
6. Comparison with observations panels) and fraction of spurious detections (right panels)
The results outlined above show interestingfatences be- for sources distributed in redshift as in the GaBoDS survey
tween the performances of the filter functions. The discmepa{scr"rmer e:[ all 200,3)' From to/p to bottom, we SPOW the APT
cies are particularly significant for high-redshift sowce- (Of I =2.75,1 =55 andr = 1,1)’ the/ OAPT ( - 5, r=10
dicating that the noise due to the LSS should become imp8Rdr = 20) and the OPTr(= 1', r = 2" andr = 4).
tant only for deep observations. We can now attempt a quick
comparison of our simulations with the observational ssul  The fraction of spurious detections is large for all filters,
existing in the literature. In particular, we focus here e t but it is generally smaller for the OAPT and the OPT. As ex-
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pected, the OAPT and the OPT estimators have similar perfor- Thus, the OPT filter, optimised for suppressing contam-
mances, because of the small density of background galaxieations by large-scale structures, allows the reliablede
Indeed, the noise due to the intrinsic shape of the sourcesidn of dark-matter halos with masses exceeding a few times
dominant with respect to that due to the LSS and thus, accot@®h~! M, with a low contamination by spurious detections.
ing to Equation[(3K), the two filter functions have a very $ami
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